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IRU VSKHULFDO WDQN DQG LQ >@ DQG >@ IRU FRQLFDO WDQN 7KH VLPXODWLRQV RI GLIIHUHQW FRQYHQWLRQDO 3, FRQWURO ZHUH
FRPSDUHGZLWKVWDWHIHHGEDFNZLWKLQWHJUDOFRQWUROIRUDVSKHULFDOWDQNLQ>@DQGZLWKLQWHUQDOPRGHOFRQWURO,0&
IRUDFRQLFDO WDQN LQ >@DQG>@ ,Q >@ >@DQG>@PRGHO UHIHUHQFHDGDSWLYHFRQWUROEDVHGRQ0,7UXOHZDVDOVR
VLPXODWHG IRU WKH WKUHH W\SHV RI WDQNV 6HYHUDO DUWLILFLDO LQWHOOLJHQFH PHWKRGV VXFK DV QHXUDO QHWZRUNV JHQHWLF
DOJRULWKPV DQG IX]]\ V\VWHPV KDYH EHHQ DSSURDFKHG LQ >@ >@ >@ WR WXQH WKH SDUDPHWHUV RI FRQYHQWLRQDO 3,'
FRQWUROOHUVUHVXOWLQJLQFRPSOH[DGDSWLYHV\VWHPV
5HDO WLPH LPSOHPHQWDWLRQVRI WKH OHYHO SURFHVV DGDSWLYH FRQWUROZHUHPDGH LQ >@ >@DQG >@ DQG LQWHUIDFHG
ZLWK/DE9,(:XVLQJ86%EDVHG'$4PRGXOHV DQG3HUVRQDO&RPSXWHUV 3&0,7 UXOHZDV XVHG WRREWDLQ WKH
DGDSWLYH ODZV LQ FDVH RI F\OLQGULFDO DQG FRQLFDO WDQNV OHYHO FRQWURO DQG&RHIILFLHQW'LDJUDP0HWKRG GHVLJQZDV
DSSOLHGIRUVSKHULFDOWDQNOHYHOFRQWURO
7KH SUHVHQW SDSHU FRQWDLQV WKH GHVLJQ SURFHGXUHV RI WZR PRGHO UHIHUHQFH DGDSWLYH FRQWURO V\VWHPV IRU OHYHO
SURFHVVHVZKLFKFDQEHDOVRHDVLO\H[WHQGHGRQRWKHUVORZSURFHVVHV7KHILUVWDSSURDFKLV WKHGHVLJQRIDPRGHO
UHIHUHQFH DGDSWLYH FRQWUROOHU XVLQJ WKH0,7 UXOH0,7 UXOH LV EDVHG RQ D VLPSOH FRVW IXQFWLRQPLQLPL]DWLRQZLWK
GHVFHQGHQW JUDGLHQW PHWKRG $QG WKH RWKHU SURFHGXUH LW LV EDVHG RQ VWDELOLW\ WKHRU\ RI /\DSXQRY WR DVVXUH WKH
VWDELOLW\RIWKHJOREDOV\VWHP)LQDOO\WKHOHYHOSURFHVVFDVHVWXG\LVXVHGWRFRPSDUHWKHLUFRQWUROSHUIRUPDQFHV
/HYHOSURFHVV0DWKHPDWLFDOPRGHO
,Q WKH OLWHUDWXUH WKHUH DUHPDQ\ YDULDWLRQV RI OHYHO SURFHVVHVZKLFK FRQWDLQV F\OLQGULFDO WDQN VSKHULFDO WDQN
























:KHQ D FKDQJH LQ OHYHO LQVLGH WKHSURFHVV WDQN5 LV VHQVHGE\ WKH OHYHO WUDQVGXFHU/7 WKH HUURU VLJQDO LV
PRGLILHGDQGWKHFRQWUROOHU/&WDNHVFRUUHFWLYHDFWLRQVE\JHQHUDWLQJDFRQWUROVLJQDOIRUYDOYH/9>@
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WDQN UHPDLQV FRQVWDQW ,Q G\QDPLF UHJLPH WKH GLIIHUHQFH LQ WKH LQOHW DQG RXWOHW TXDQWLWLHV LV DFFXPXODWHG LQ WKH
V\VWHP%\ SHUIRUPLQJ QRUPDOL]DWLRQ WR WKH VWHDG\ VWDWH YDOXHV WKH FRQWUROOHG VLJQDO     /W/W\ '  WKH FRQWURO
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S   
7KHILUVWRUGHUWUDQVIHUIXQFWLRQFDQEHXVHGDOVRIRUWKHRWKHUVKDSHVRIWDQNVLQOHYHOSURFHVVFRQWURORUIRU
RWKHUVORZSURFHVVHV6RWKHGHVLJQSURFHGXUHVSUHVHQWHGLQWKHIROORZLQJSDUDJUDSKVFRXOGEHHDVLO\H[WHQGHGWR
RWKHU SURFHVVHV7KH LQKHUHQW HUURUV UHVXOWLQJ IURPPRGHOLQJ WKH SURFHVV DQG WLPH YDU\LQJ SDUDPHWHUV GHILQH WKH
V\VWHP
V XQFHUWDLQWLHV ,Q RUGHU WR GHWHUPLQH WKHZD\ LQZKLFK WKH YDULDWLRQ RI WKH SDUDPHWHUV IURP WKH QRPLQDO
SURFHVVDIIHFWWKHFORVHGORRSEHKDYLRURIWKHV\VWHPDQGWRWHVWWKHDGDSWLYHFRQWUROVFKHPHV0DWODEHQYLURQPHQWLV
XVHGIRUVLPXODWLRQ>@>@)RU WKH OHYHOFRQWUROSURFHVVGHVFULEHGE\ WKHXQFHUWDLQSURFHVVSDUDPHWHUVDUH
PRGLILHGZLWKLQDUDQJHRINS DQG7S 
0RGHOUHIHUHQFHDGDSWLYHFRQWURO
:KHQ WKHSODQWSDUDPHWHUVDUHXQNQRZQRUYDU\LQJ VORZO\RU VORZHU WKDQ WKHG\QDPLFEHKDYLRURI WKHSODQW
WKHQ D05$& FRQWURO VFKHPH FDQ EH XVHG >@ >@ 7KLV DGDSWLYH VWUXFWXUH RIIHUV D VXSHULRU SHUIRUPDQFH DQG
UREXVWQHVVLQWLPHWKDQDFODVVLFDO3,'FRQWUROOHU
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
7KH WUDFNLQJDGDSWDWLRQHUURU\H \P\UHSUHVHQWV WKHGHYLDWLRQRI WKHSODQWRXWSXW IURP WKHGHVLUHG WUDMHFWRU\
7KH DGMXVWPHQW PHFKDQLVP XVHV WKLV DGDSWDWLRQ HUURU WR DGMXVW WKH FRQWUROOHU¶V SDUDPHWHUV ,I WKH OHYHO SURFHVV
SDUDPHWHUVDUHZHOONQRZQDQGWLPHLQYDULDQWWKDQWKHLGHDOFRQWUROOHUSDUDPHWHUVNNDUHJLYHQE\,QWKLVFDVH
WKHDGDSWDWLRQHUURULV]HURDQGWKHDGMXVWPHQWPHFKDQLVPLVLQDVWDQGE\VWDWH
   











   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
05$&XVLQJ0,7UXOH
0,7UXOH LVXVHG WRGHVLJQ WKHDGDSWLYH ODZ VR WKDW WKHFRQWUROOHU¶VSDUDPHWHUVDUHDGMXVWHG LQDGLUHFWLRQ WKDW
PLQLPL]HV D TXDGUDWLF SHUIRUPDQFH IXQFWLRQZLWKGHVFHQGHQW JUDGLHQWPHWKRG7KH DGDSWLYH ODZ LV GULYHQE\ WKH
SDUWLDOGHULYDWLYHRIWKHFRVWIXQFWLRQ\HșLVVRFDOOHGVHQVLWLYLW\IXQFWLRQDQGGHSHQGVRQDGDSWDWLRQHUURUVLJQDO
WKDWFKDUDFWHUL]HVWKHPLVPDWFKEHWZHHQWKHDFWXDODQGGHVLUHGEHKDYLRURIWKHSURFHVV
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
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7KH ILUVW PDMRU SUREOHP LQ /\DSXQRY WKHRU\ LV WR FKRRVH WKH SURSHU HQHUJ\ IXQFWLRQ 9 ZKLFK LQ WKLV FDVH
GHSHQGVRQDGDSWDWLRQHUURUDQGFRQWUROOHUSDUDPHWHUV
6R DFFRUGLQJ WR WKH VWDELOLW\ WKHRU\ RI /\DSXQRY WKH HTXLOLEULXP SRLQW IRU WKH DGDSWDWLRQ HUURU \H  LV
DV\PSWRWLFDOO\VWDEOHLIIXQFWLRQ9LVFKRVHQSRVLWLYHGHILQLWH9LVDQGWKHGHULYDWLYHG9GWLVQHJDWLYHGHILQLWH
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7KH GHULYDWLYH RI WKH /\DSXQRY IXQFWLRQ9 LV QHJDWLYH GHILQLWH LI VRPH RI WKH WHUPV LQ  DUH ]HUR DQG WKH
UHVXOWLQJDGDSWDWLRQODZVRIWKHFRQWUROOHU¶VSDUDPHWHUVDUH






















WKH ILUVW RUGHU UHIHUHQFHPRGHO EDVHG RQ WKH H[SHULPHQWDO UHVXOWV REWDLQHG XVLQJ WKH UHDO 3, FRQWURO RI WKH OHYHO
SURFHVV 7KH ILJXUH D VKRZV WKH H[SHULPHQWDO VLJQDOV VHW SRLQW SURFHVV YDULDEOH DQG FRPPDQG FRQVLGHULQJ
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